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FIBERS FLASH-SPUN FROM 
BLENDS OF POLYOLEFIN POLYMERS 

BACKGROUND OF THE INVENTION 
This invention relates to fibers that are flash-spun from blends of polymers 
that include two or more polyolefin polymers. More particularly, the invention relates to 
flash-spun plexifilamentary fibers comprised of a polymer blend that includes significant 
poiyethvlene and polypropylene components. 

The art of flash-spinning strands of plexifilamentary film-fibriis from 
poivmer in a solution or a dispersion is known in the art. The term "plexifilamentary" 
means a three-dimensional integral network of a multitude of thin, ribbon-like, film-fibril, 
elements of random length and with a mean film thickness of less than about 4 microns 
and with a median fibril width of less than about 25 microns. In plexifilamentary 
structures, the film-fibril elements are generally coextensively aligned with the 
! - longitudinal axis of the structure and they intermittently unite and separate at regular 
intervals in various places throughout the length, width and thickness of the structure to 
form a continuous three-dimensional network. 

U.S. Patent 3,227,784 to Blades et al. (assigned to E. I. du Pont de Nemours 
& Company ("DuPont")) describes a process wherein a polymer in solution is forwarded 
70 continuously to a spin orifice at a temperature above the boiling point of the solvent, and 
at autoeenous pressure or greater, and is flash-spun into a zone of lower temperature and 
substantially lower pressure to generate a strand of plexifilamentary material. U.S. 
Patent 3.227.794 to Anderson et al. (assigned to DuPont) teaches that plexifilamentary 
film-fibrils are best obtained from solution when fiber-forming polymer is dissolved in a 
solvent at a temperature and at a pressure above the pressure at which two liquid phases 
form which pressure is generally known as the cloud point pressure at the given 
temperature. This solution is passed to a pressure let-down chamber, where the pressure 
decreases below the cloud point pressure for the solution thereby causing phase 
separation. The resulting two phase dispersion of a solvent-rich phase in a polymer-nch 
.0 phase is discharged through a spinneret orifice to form the plexifilamentary strand. 

U.S. Patent 3,484,899 to Smith (assigned to DuPont) discloses an apparatus 
with a horizontally oriented spin orifice through which a plexifilamentary strand can be 
flash-spun. The polymer strand is conventionally directed against a rotating lobed 
deflector baffle to spread the strand into a more planar web structure that the baffle 
; < altematelv directs to the left and right as the web descends to a moving collection belt. 
The fibrous sheet formed on the belt has plexifilamentary film-fibril networks oriented in 
an overlapping multi-directional configuration. 
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European Patent Publication 645480 filed by Unitika Ltd. discloses a 
plexifilamentary fiber structure that is flash-spun from a solution of polyoiefin and 
polyester polymers dissolved in methylene chloride. The polyolefins disclosed include 
polyethylene and polypropylene polymers and copolymers. The polyesters disclosed 
include polyethylene terephthalate and polybutylene terephthalate. The Unitika patent 
discloses that the mixing ratio (by weight) of the polyoiefin to the polyester is from 5/95 
to 95/5. 

British Patent Specification 970,070 (assigned to DuPont) discloses 
nonwoven sheets made from fibers that were flash-spun from a blend of polyethylene and 
a minor amount of another polymer such as polyamide, polyvinyl chloride, polystyrene, 
or polyurethane. The patent suggests that a "blends of linear polyethylene and minor 
amounts of branched polyethylene, polypropylene, polybutylene, polyisobutylene, 
polybutadiene, polyvinyl chloride, or cellulose acetate" might be advantageous. 
However, the patent does not appear to disclose the actual flash-spinning of polyethylene 
1 5 and polypropylene blends. 

Many improvements to the basic flash-spinning process have been reported 
or patented over the years. An alternative process for flash-spinning a plexifilamentary 
strand according to which a mechanically generated dispersion of melt-spinnable 
polymer, carbon dioxide and water under high pressure is flashed through a spin orifice 
into a zone of substantially lower temperature and pressure to form a plexifilamentary 
strand is disclosed in U.S. Patent 5,192,468 to Coates et al. (assigned to DuPont). Flash- 
spinning of polyethylene to produce non-woven sheets is practiced commercially and is 
the subject of numerous patents, including U.S. Patent 3,851,023 to Brethauer et al 
(assigned to DuPont). 

- The commercial application for flash-spinning has been primarily directed to 
the manufacture of sheets of bonded polyethylene plexifilaments. Polyethylene is an 
ideal polymer for flash-spinning. It can be flash-spun into a strong well fibrillated 
plexifilament over a wide range of processing conditions. However, its melting point is 
relatively low (-140° C), and therefore it is not suitable for applications where end use 
30 temperatures are 1 40° C or higher. One such application is steam sterilizable sterile 
packing, and CSR (i.e., central storage room) wraps used in the hospitals for steam 
sterilization. Polypropylene, on the other hand, has a higher melting point (1 65° C) that 
is above the temperatures used during steam sterilization. However, polypropylene is 
more difficult to flash-spin than polyethylene and as-spun fibers are not as strong. In 
3 5 addition, polypropylene requires substantially higher spin temperatures than 
polyethylene. 
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There is a need for a flash-spun product that enjoys the strength and ease of 
processing associated with polyethylene, but that can withstand higher end use 
temperatures. 

5 SUMMARY OF THE INVENTION 

According to the present invention, there is provided a plexifilamentary 
strand having a tensile strength of at least 1 gpd and a surface area, measured by the BET 
nitrogen adsorption method, greater than 2 m 2 /g comprising a three dimensional integral 
plexus of semicrystalline, polymeric, fibrous elements, the elements being co-extensively 

1 0 aligned with the network axis and having the structural configuration of oriented film- 

fibrils. The film-fibrils have a mean film thickness of less than 4 microns, a median fibril 
width of less than 25 microns, and are comprised of at least 20% by weight of 
polyethylene and polypropylene, wherein the polyethylene and polypropylene each 
comprise at least 5% by weight of each of the film-fibrils. Preferably, the film-fibrils are 

1 5 comprised of at least 75% by weight of polyethylene and polypropylene, and more 

preferably are comprised of at least 90% by weight of polyethylene and polypropylene 
wherein the polyethylene and polypropylene each comprise at least 35% by weight of 
each of the film-fibrils. 

The invention is also directed to a process for the production of flash-spun 

20 plexifilamentary film-fibril strands of a polymer that is comprised of at least 75% by 

weight of polyethylene and polypropylene, wherein the polyethylene and polypropylene 
each comprise at least 5% by weight of each of the film-fibrils. The process includes the 
steps of forming a spin solution of polyethylene and polypropylene polymers in a solvent 
and spinning the spin solution at a pressure that is greater than the autogenous pressure of 

25 the spin solution into a region of substantially lower pressure and at a temperature at least 
50° C higher than the atmospheric boiling point of the solvent. The solvent in the spin 
solution has an atmospheric boiling point between 0° C and 1 00° C, and is comprised of 
at least 50% of solvents selected from the group consisting of hydrocarbons, chlorinated 
hydrocarbons, hydrochlorofluorocarbons and alcohols. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and constitute a part 
of this specification, illustrate the presently preferred embodiments of the invention and, 
together with the description, serve to explain the principles of the invention. 
35 Figure 1 is a plot of the cloud point data for 9% by weight polypropylene 

solution in a solvent comprised of methylene chloride and HFC-4310mee at 3 different 
solvent ratios. 
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Figure 2 is a plot of the cloud point data for a 12% by weight polyethylene 
solution in a solvent comprised of methylene chloride and HFC-4310mee at 5 different 
solvent ratios. 

Figure 3 is a plot of the cloud point data for 1 ) a 20% by weight polyethylene 
solution in a solvent comprised of 60/40 n-pentane/82.5% pure cyclopentane. and 2) a 
12% by weight polypropylene solution in a solvent comprised of 60/40 n-pentane/82.5% 
pure cyclopentane. 

DETAILED DESCRIPTION 
Reference will now be made in detail to the presently preferred embodiments 
of the invention, examples of which are illustrated below. 

The flash-spun plexifilamentary fibers of the invention are comprised of 
blends of thermoplastic polymers with significant polyethylene and polypropylene 
components. These fibers may be spun using the apparatus and the solution flash- 
spinning process disclosed and fully described in U.S. Patent 5,147,586 to Shin et al. 
Alternatively, the plexifilamentary fibers of the invention can be flash-spun by the 
dispersion flash-spinning process disclosed in U.S. Patent 5,192,468 to Coates et al., 
according to which a plexifilamentary fiber is spun from a mechanically generated 
dispersion of polymer in water and carbon dioxide. It is anticipated that in commercial 
applications, the plexifilamentary sheets of the invention would most likely be produced 
using the solution flash-spinning apparatus disclosed in U.S. Patent 3,851,023 to 
Brethauer et al. 

The process for flash-spinning plexifiJaments from polyolefin polymer 
blends in a solvent operates under conditions of elevated temperature and pressure. The 
polymeric starting material is normally not soluble in the selected solvent under normal 
temperature and pressure conditions but forms a solution at certain elevated temperatures 
and pressures. In the flash-spinning process for making plexifilaments, pressure is 
decreased below the cloud point to cause phase separation, just before the solution is 
passed through a spinneret. When the solution pressure is lowered below the cloud point 
pressure, the solution phase separates into a polymer-rich phase and a solvent-rich phase. 
Upon passing through the spinneret at very high speed into a zone of substantially lower 
pressure, the solvent flashes off quickly such that the polymer material present in the 
polymer-rich phase freezes in an elongated plexifilamentary form. 

The morphology of plexifilamentary strands obtained by the solution flash- 
spinning of a polymer is greatly influenced by the level of pressure used for spinning. 
When the spin pressure is much greater than the cloud point pressure of the spin mixture, 
coarse plexifilamentary "yarn-like" strands are usually obtained. As the spin pressure is * 
gradually decreased, the average distance between the tie points generally becomes 
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shorter while the fibrils of the strands become progressively finer. When the spin 
pressure approaches the cloud point pressure of the spin mixture, very fine fibrils are 
normallv obtained, and the distance between the tie points becomes very short. As the 
spin pressure is further reduced to below the cloud point pressure, the distance between 
5 the tie points becomes longer. Well fibrillated plexifilaments, which are most suitable for 
sheet formation, are usually obtained when spin pressures slightly below the cloud point 
pressure are used. The use of pressures which are too much lower than the cloud point 
pressure of the spin mixture generally leads to a relatively coarse plexifilamentary 
structure. The effect of spin pressure on fiber morphology also depends on the types of 

1 0 polymers and solvents being spun and the concentration of the polymer in the solvent. At 
hieher concentrations of polymer in the solvent, foams may be obtained rather than 
plexifilaments, even at spinning pressures slightly below the cloud point pressure of the 
solution. In some cases, well fibrillated plexifilaments can be obtained even at spin 
pressures slightly higher than the cloud point pressure of the spin mixture and at polymer 

1 5 concentrations above 20% of the spin solution. Therefore, the effect of spin pressure 
discussed herein is intended merely as a guide in selecting the spinning conditions and 

not as a general rule. 

The polyethylene that has been flash-spun with polypropylene to produce the 
blended polyolefin polymer plexifilaments of the invention is high density polyethylene. 

20 However, it is anticipated that other types of polyethylene, including low density 

polyethylene and linear low density polyethylene, could be used in making the polyolefin 
blend plexifilaments of the invention. The polypropylene that has been flash-spun with 
polyethylene to produce the blended polyolefin plexifilaments of the invention is 
isotactic polypropylene and syndiotactic polypropylene. 

25 While the temperature and pressure conditions that can be withstood by 

solution flash-spinning equipment are quite broad, it is generally preferred not to operate 
under extreme temperature and pressure conditions. The preferred temperature range for 
solution flash-spinning the blends of polyethylene and polypropylene is about 150° to 
250° C while the preferred pressure range for flash-spinning such blends is in the range 

30 of autogenous pressure to 50 MPa, and more preferably in the range of autogenous 
pressure to 25 MPa. Therefore, if plexifilaments are to be flash-spun from blends of 
polyethylene and polypropylene from a solution, the solvent should dissolve the 
polymers at pressures and temperatures within the preferred ranges. 

Unfortunately, it has proved to be very difficult to flash-spin polypropylene 

3 5 plexifilamentary fibers from many common solvents, including room temperature boiling 
hydrocarbon solvents and strong solvents such as methylene chloride, dichloroethane and 
cyclopentane. We have now found that polypropylene plexifilaments can be Hash-spun if 
the polypropylene is blended with polyethylene in sufficient quantities and/or the strong 
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solvents are blended with weaker solvents. Interestingly, we have found that many 
blends of polyethylene and polypropylene cannot be flash-spun from many of the 
important flash-spinning solvents. For example, attempts to flash-spin a blend of 75% 
polypropylene and 25% polyethylene from methylene chloride blended with a weaker 
solvent were unsuccessful. 

Polyethylene and polypropylene do not form a compatible polymer blend 
within the range of useful blend ratios (e.g. from 5/95 to 95/5). Consequently, solutions 
of polyethylene and polypropylene become cloudy when they are dissolved together in a 
common solvent. For example, polyethylene solutions in 80/20 methylene 
chloride/HFC-4310mee form a clear, single phase solution as long as pressure applied to 
the solution at any given temperature is higher than the cloud point pressure of the 
solution. Likewise, polypropylene solutions in 80/20 methylene chloride/HFC-4310mee 
form a clear, single phase solution as long as pressure applied to the solution is higher 
than the cloud point pressure. However, if both polyethylene and polypropylene are 
added to the same common solvent, the solution will not be a clear, single phase solution 
regardless of the temperature and pressure applied (within a reasonable range). Instead, 
the solutions will become cloudy since polyethylene is not compatible with 
polypropylene. 

Therefore, there is no cloud point pressure for solutions of polyethylene and 
polypropylene blends in a common solvent. Such blends always exist as a dispersion in a 
phase-separated state. Consequently, when blends of polyethylene and polypropylene are 
flash-spun using a common solvent, cloud point pressure of individual components 
present in the "solution" is used. In the case of polyethylene and polypropylene blends, 
polyethylene always gives higher cloud point pressures than polypropylene. Thus, the 
blends are mixed at a pressure higher than the cloud point pressure of polyethylene, and 
optimum spin pressures are determined empirically. However, it has been found that 
optimum spin conditions for the blends are usually closer to the polyethylene spin 
conditions than to the polypropylene spin conditions. 

Good solvents for solution flash-spinning polyethylene and polypropylene 
polymer blends are generally similar to those used for flash-spinning polyethylene. 
However, it is more difficult to select a proper flash-spinning agent for the blends, 
because the spin agent to be used has to satisfy both of the components present in the 
blends. Mixed solvent systems have been found to be particularly suited for flash- 
spinning polyethylene/polypropylene polymer blends, because solvent power can be 
adjusted to satisfy both blend components by changing the solvent ratio. Solvents that 
may be used for flash-spinning blends of polyethylene and polypropylene include 
mixtures containing as a major component hydrocarbons, chlorinated hydrocarbons, 
hydrochlorofluorocarbons or certain types of alcohols. Preferred solvents for solution 
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flash-spinning blends of polyethylene and polypropylene include mixed solvent systems 
based on methylene chloride, dichloroethylene, cyclopentane, pentane, HCFC- 141b, and 
bromochloromethane. Co-solvents that can be used in conjunction with these main 
solvents to improve electrostatic charging and/or to reduce solvent power include 
5 hydrofluorocarbons such as HFC-43 lOmee, hydrofluoroethers such as 

methyl(perfluorobutyl)ether, and perfluorinated compounds such as perfluoropentane and 
perfluoro-N-methylmorpholine. 

The apparatus and procedure for determining the cloud point pressures of a 
polymer/solvent combination are those described in the above cited U.S. patent 5,147,586 
10 toShinetal. 

Figure 1 is a plot of the cloud point data for a 9% by weight polypropylene 
solution in a solvent comprised of methylene chloride and HFC-43 lOmee at 3 different 
solvent ratios (60/40, curve 1 ; 70/30, curve 2; and 80/20, curve 3). 

Figure 2 is a plot of the cloud point data for a 12% by weight polyethylene 
1 5 solution in a solvent comprised of methylene chloride and HFC-43 lOmee at 5 different 
solvent ratios (75/25, curve 1; 80/20, curve 2; 85/15, curve 3; 90/10, curve 4; and 100/0, 
curve 5). 

Figure 3 is a plot of the cloud point data for (1) a 20% by weight 
polyethylene solution in a solvent comprised of 60/40 n-pentane/82.5% pure 
20 cyclopentane, curve 1; and (2) a 12% by weight polypropylene solution in a solvent 
comprised of 60/40 n-pentane/82.5% pure cyclopentane, curve 2. 

This invention will now illustrated by the following non-limiting examples 
which are intended to illustrate the invention and not to limit the invention in any 
manner. 

25 

EXAMPLES 
Test Methods 

In the description above and in the non-limiting examples that follow, the 
30 following test methods were employed to determine various reported characteristics and 
properties. ASTM refers to the American Society of Testing Materials, and TAPPI refers 
to the Technical Association of the Pulp and Paper Industry. 

The denier of the strand is determined from the weight of a 15 cm sample 
length of strand. 

35 Tenacity , elongation and toughness of the flash-spun strand are determined 

with an Instron tensile-testing machine. The strands are conditioned and tested at 70°F 
and 65% relative humidity. The strands are then twisted to 1 0 turns per inch and 
mounted in the jaws of the Instron Tester. A two-inch gauge length was used with an 

7 
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initial elongation rate of 4 inches per minute. The tenacity at break is recorded in grams 
per denier (gpd). The elongation at break is recorded as a percentage of the two-inch 
gauge length of the sample. Toughness is a measure of the work required to break the 
sample divided by the denier of the sample and is recorded in gpd. Modulus corresponds 
to the slope of the stress/strain curve and is expressed in units of gpd. 

Fiber quality is evaluated using a subjective scale of 0 to 3, with a 3 being the 
highest quality rating. Under the evaluation procedure, a 10 inch length of a 
plexifilamentary strand is removed from a fiber batt. The web is spread and mounted on 
a dark substrate. The fiber quality rating is an average of three subjective ratings, one for 
fineness of the fiber (finer fibers receive higher ratings), one for the continuity of the 
fiber strand (continuous plexifilamentary strands receive a higher rating), and the other 
for the frequency of the ties (more networked plexifilamentary strands receive a higher 
rating). 

Fiber fineness is measured using a technique similar to that disclosed in U.S. 
Patent 5,371,810 to A. Ganesh Vaidyanathan dated 6 December 1994, and which is 
hereby incorporated by reference. This technique quantitatively analyzes fibril size in 
webs of fiber. The webs are opened up by hand and imaged using a microscopic lens. 
The image is then digitized and computer analyzed to determine the mean fibril width 
and standard deviation. However, some smaller fibrils may be so tightly bunched 
together and have such short fibril length, that the fibrils appear as part of a large fibril 
and are counted as such. Tight fibril bunching and short fibril length (distance from tie 
point to tie point) can effectively prevent analysis of the fineness of individual fibrils in 
the bunched fibrils. Thus, the term "apparent fibril size" is used to describe or 
characterize fibers of plexifilamentary strands. 

The surface area of the plexifilamentary film-fibril strand product is another 
measure of the degree and fineness of fibrillation of the flash-spun product. Surface area 
is measured by the BET nitrogen absorption method of S. Brunauer, P. H. Emmett and E. 
Teller, J. Am. Chem. Soc, V. 60 p 309-319 (1938) and is reported as m 2 /g. 

Test Apparatus for Examples 1 - 7 
The apparatus used in the examples 1 - 7 is the spinning apparatus described 
in U.S. Patent 5,147,586. The apparatus consists of two high pressure cylindrical 
chambers, each equipped with a piston which is adapted to apply pressure to the contents 
of the chamber. The cylinders have an inside diameter of 1 .0 inch (2.54 cm) and each has 
an internal capacity of 50 cubic centimeters. The cylinders are connected to each other at 
one end through a 3/32 inch (0.23 cm) diameter channel and a mixing chamber 
containing a series of fine mesh screens that act as a static mixer. Mixing is 
accomplished by forcing the contents of the vessel back and forth between the two 
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cylinders through the static mixer. A spinneret assembly with a quick-acting means for 
"•he orifice is attached ,o the ehanne, through a tee. The spmneret 
consUts of a lead hole of 0.25 inch (0.63 cm) diameter and about 2.0 mch (5.08 cm) 

rr n d-:n ^".rrA^*— ----- 

« ^13 the length was ,00 m.ls. The tunne, was used in order to obram a more 
columnar je, of flash-spun material. The pistons are driven by htgh pressure water 
supplied by a hydraulic system. ^ ^ 

In the tests reported m Examples 1 - /, tne appor* 
charged with pellets of a polyethylene and polypropylene polymer and a solvent The 
polyethylene was high density polye.hy.ene (HDPE) with a melt tndex of 0.75, a den tty 
„ 0 957 a number average molecular weigh, of 21.000 and a weight average molecular 
weigh, of 121,000. The polypropylene was isomeric polypropylene wtth a mel, tndex of 
0 9 and a number average molecular weigh, of 95,000 and a weigh, average molecular 
weigh, of 43 1,000. High ptessure water was used ,o drive the pistons ,o generate a 
Z£ pressure of between ,500 and 3000 psi (.0,340 - 10,680 kPa>. The polymer and 
Tolven', were next hea,ed ,0 mixtng temperature and he,d a, tha, .emperamre for abou, an 
hour during which rime ,he pis,ons were used ,o a,,ema,ely estabhsh a d.fferenttal 
, ™ of abou, 50 psi (345 kPa, or higher berwean me wo cylinders so as ,o repearadly 
ele po,ymer and solven, trough the mixing channel from one cylinder to the other 
; ovide mLing and eiTec, formation of a spin mixture. The spin trnxrum ;= ture 
w* then raised to ,he final spin .emperarure, and held mere for about 1, mmutes ,o 
equilibrate me temperature, during which time mixing was continued. In order ,o 
5 simulate a pressure letdown chamber, the pressure of the spin mixntre was reduced ,o a 
desired spinning pressure jus, prior to spuming. This was accomplished by opentng a 
valve between the spin cell and a much larger rank of high pressure water < the 
accumulator") held a. the desired spinning pressure. The spinneret onfice ts opened 
about one ,o five seconds after the opening of the valve between « he spm .cell and*e 
0 accumulator. This period roughly corresponds to tine residence tune m the letdown 
chamber of a commercial sptnmng apparams. The resultant flash-spun produc, 
collected in a srainless s.eel open mesh screen basket. The pressure recorded jus, before 
tine spinnere, using a computer during spinning is entered as ,he spm pressure. 

The experimental conditions and me results for Examples 1 - 7 are gtven 
.5 below in ,he Tables 1 . All <he tes, dara nor originally ohrained in the SI system of untts 
has been converted to the SI units. 
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Test Apparatus fnr Fva mnles fi . 1 1 
In Examples 8-11, plexifilaments were spun from a spin mixture that 
comprised a polymer blends dispersed in a solvent system. The spin mixture, was 
generated in a continuous rotary mixer, as described in U.S. Patent Application 
Serial No. 60/005,875. The mixer operated at temperatures up to 300°C and at 
pressures up to 41 ,000 kPa. The mixer had a polymer inlet through which a 
polymer melt blend was continuously introduced into the mixer. The mixer also 
had a C0 2 inlet through which supercritical C0 2 was continuously introduced 
into the polymer stream entering the mixer before the polymer entered the mixing 
chamber of the mixer. The mixer had a mixing chamber where polymer and COo 
were thoroughly sheared and mixed by a combination of rotating and fixed cutting 
blades. The mixer further included an injection port through which water was 
introduced into the mixing chamber at a point downstream of where the polymer 
and C0 2 were initially mixed in the mixing chamber. At least one additional set 
of rotating and fixed cutting blades in the mixing chamber further mixed the 
polymer, C0 2 and water before the mixture was continuously discharged from the 
mixer's mixing chamber. The volume of the mixer's mixing chamber between the 
point where the polymer first contacts C0 2 plasticizing agent and the mixer 
outlet was 495 cm^. 

The mixer was operated at a rotational rate of approximately 1 200 
rpm with power of between 7 and 1 0 kW. Polymer was injected into the mixer by 
a polymer screw extruder and gear pump. Supercritical CO?, plasticizing agent 
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from a pressurized storage tank and distilled water from a closed storage tank 
were both injected into the mixer by double acting piston pumps. A dispersion of 
polymer, supercritical COi and water was generated in the mixer's mixing 
chamber. The spin mixture was discharged from the mixer and passed through a 
heated transfer line to a round spin orifice from which the mixture was flash-spun 
into a zone maintained at atmospheric pressure and room temperature. The 
residence time of the polymer in the mixer's mixing chamber was generally 
between 7 and 20 seconds. Unless stated otherwise, the spinning temperature 
was approximately 240° C and the spinning pressure was approximately 28,900 
kPa. The spin products were collected on a moving belt from which samples were 
removed for examination and testing. 

The following polymers were flash-spun in examples 8-11. The 
percentages stated in the examples are by weight unless otherwise indicated. 
Each ingredient has been assigned a code by which it is referred to in examples 8 - 
11. 

The polyethylene used in the following Examples was ALATHON® 
H601 8. a high density polyethylene that was obtained from Occidental Chemical 
Corporation of Houston, Texas and its successor in interest Lyondell 
Petrochemical Company of Houston, Texas. ALATHON® is currently a 
registered trademark of Lyondell Petrochemical Company. ALATHON® H6018 
has a melt flow rate of 1 8 g/10 min by standard techniques at a temperature of 
190°C with a 2.16 Kg weight, and has a melting point of 130-135°C. ("PE") 

The polypropylene used in the following Examples was Valtec 
HH444 obtained from Himont Corporation of Wilmington, Delaware. Valtec 
HH444 has a melt flow rate of 70g/10 min by standard techniques at a temperature 
of 1 90°C with a 2. 1 6 kg weight, and has a melting point of 1 70°C. ("PP") 

One 4GT polyester used in the following examples was CRASTIN® 
6131 obtained from DuPont of Wilmington, Delaware. CRASTIN® is a 
registered trademark of DuPont. CRASTIN® 6131 was formerly sold under the 
name RYNITE® 6131. CRASTIN® 6 1 3 1 is a non-reinforced low molecular 
weight 4GT polyester. CRASTIN® 6131 has a melt flow rate of 42g/l 0 min by 
standard techniques at a temperature of 250°C with a 2. 1 6 kg weight, and has a 
melting point of 225°C. ("4GT-6131") 

Another 4GT polyester used in the following examples was 
CRASTIN® 6130 obtained from DuPont of Wilmington, Delaware. CRASTIN® 
61 30 is a non-reinforced 4GT polyester with a higher molecular weight than 
CRASTIN® 6131. CRASTIN® 6130 has a melt flow rate of 12.5 g/10 min by 
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standard techniques at a temperature of 250°C with a 2. 16 kg weight, and has a 
melting point of 225°C. ("4GT-6130") 

The polyester elastomer used in the following examples was 
HYTREL® 6133, a melt spinnable block copolymer obtained from E. I. du Pont 
de Nemours and Co. of Wilmington, Delaware. HYTREL® is a registered 
trademark of DuPont. HYTREL® has a melt flow rate of 5.0 g/10 min by 
standard techniques at a temperature of 190°C with a 2.16 kg weight, and it has a 
melting point in the range of 170-190°C. ("PEL") 

The partially neutralized ethylene vinyl alcohol copolymer used in the 
following examples was SELAR® OH BX240 obtained from E. I. du Pont de 
Nemours and Co. of Wilmington, Delaware. SELAR® is a registered trademark 
of DuPont. SELAR® OH BX240 is a melt-blended, pelletized polymer consisting 
of 90% SELAR® OH 4416 and 10% FUSABOND™ E MB-259D, both polymers 
being obtained from DuPont of Wilmington, Delaware. SELAR® OH 4416 is an 
ethylene vinyl alcohol copolymer having 44 mole % ethylene units, a melt flow 
rate of 16.0 g/10 min by standard techniques at a temperature of 210°C with a 
2. 16 kg weight, and a melting point of 168°C. FUSABOND™ E MB-259D is a 
polyethylene grafted with 0.2-0.3% maleic anhydride, having a melt flow rate of 
20-25 g/1 0 min by standard techniques at a temperature of 190°C with a 2. 1 6 kg 
weight, and a melting point of 120-122°C. FUSABOND™ is a trademark of 
DuPont. ("EVOH") 

The nylon 6 used in the following examples was CAPRON® 8202C 
obtained from Allied-Signal Inc. of Morris town, New Jersey. CAPRON® is a 
registered trademark of Allied-Signal Inc. CAPRON® 8202C is a low viscosity, 
high crystallinity nylon 6 commonly^used for injection molding. CAPRON® . . . 
8202C has a specific gravity of 1 .13 g/cc and a melting point of 215° C. ("Nylon") 

EXAMPLE 8 

A melted blend of 30% 4GT-6131, 15%4GT-6130, 13% PEL, 19% 
PE, 1 9% PP, 1% EVOH, and 3% Nylon was injected into a continuous mixer and 
was mixed with CO2 and water as described above. The polymer/C02 ratio in the 
mixer was 2.86 and the polymer/water ratio in the mixer was 1 .25. The mixture 
was subsequently flash-spun from a 0.889 mm spinning orifice for approximately 
1 5 minutes. A plexifilamentary fiber strand was obtained that had a tenacity of 
2.2 gpd, an elongation of 61.5%, a toughness of 0.8 gpd, and a fiber quality rating 
of2.25. 
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EXAMPLE 9 

A melted blend of 1 8% 4GT-6 131,45% 4GT-6 1 30, 1 2% PEL, 1 6% 
PE, 8% PP, and 1% EVOH was injected into a continuous mixer and was mixed 
with CO2 and water as described above. The polymer/CCb ratio in the mixer was 
1 .25 and the polymer/water ratio in the mixer was 2.86. The mixture was 
subsequently flash-spun from a 0.889 mm spinning orifice for approximately 15 
minutes. A plexifilamentary fiber strand was obtained that had a tenacity of 2.9 
gpd, an elongation of 37%, a toughness of 0.6 gpd, and a fiber quality rating of 
2.5. 

EXAMPLE 10 

A melted blend of 51% 4GT-61 31, 16%4GT-6130, 10% PEL, 12% 
PE, 10% PP, and 1% EVOH was injected into a continuous mixer and was mixed 
with CO2 and water as described above. The polymer/CCb ratio in the mixer was 
1 .25 and the polymer/water ratio in the mixer was 2.86. The mixture was 
subsequently flash-spun from a 0.787 mm spinning orifice for approximately 15 
minutes. A plexifilamentary fiber strand was obtained that had a tenacity of 2.8 
gpd, an elongation of 62%, a toughness of 1 .0 gpd, and a fiber quality rating of 
2.2. 

EXAMPLE 1 1 

A melted blend of 82% PE, 9% PP, 4% PEL, and 5% EVOH was 
injected into a continuous mixer and was mixed with CO2 and water as described 
above. The polymer/CCb ratio in the mixer was 1.25 and the polymer/water ratio 
in the mixer was 2.86. The mixture was subsequently flash-spun from a 35 mil 
(0.889 mm) spinning orifice for approximately 15 minutes. A plexifilamentary 
fiber strand was obtained that had a tenacity of 0.8 gpd, an elongation of 86%, a 
toughness of 0.4 gpd, and a fiber quality rating of 2.5. 

It will be apparent to those skilled in the art that modifications and variations 
can be made the flash-spinning apparatus and process of this invention. The invention in 
its broader aspects is, therefore, not limited to the specific details or the illustrative 
examples described above. Thus, it is intended that all matter contained in the foregoing 
description, drawings and examples shall be interpreted as illustrative and not in a 
limiting sense. 
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WE CLAIM: 

1. A plexifllamentary strand having a tensile strength of at least 1 gpd and a 
surface area, measured by the BET nitrogen adsorption method, greater than 2 m 2 /g 
comprising a three dimensional integral plexus of semicrystaliine, polymeric, fibrous 
elements, said elements being co-extensively aligned with the network axis and having 
the structural configuration of oriented film-fibrils, said film-fibrils having a mean film 
thickness of less than 4 microns, a median fibril width of less than 25 microns, and being 
comprised of at least 20% by weight of polyethylene and polypropylene, wherein the 
polyethylene and polypropylene each comprise at least 5% by weight of each of the film- 
fibrils. 

2. The plexifllamentary strand of claim 1 wherein each of said film-fibrils 
are comprised of at least 75% by weight of polyethylene and polypropylene. 

3. The plexifllamentary strand of claim 2 wherein each of said film-fibrils 
are comprised of at least 90% by weight of polyethylene and polypropylene, and wherein 
the polyethylene and polypropylene each comprise at least 35% by weight of each of the 
film-fibrils. 

4. The plexifllamentary strand of claim 3 wherein the polypropylene 
comprises at least 45% by weight of each of the film-fibrils. 

5. The plexifllamentary strand of claim 3 wherein each of said film-fibrils 
are comprised of 1 00% by weight of polyethylene and polypropylener 

6. A bonded sheet comprised of the plexifllamentary strand material of 

claim 2. 

7. A process for the production of flash-spun plexifllamentary film-fibril 
strands of a polymer that is comprised of at least 75% by weight of polyethylene and 
polypropylene, wherein the polyethylene and polypropylene each comprise at least 5% by 
weight of each of the film-fibrils; which comprises the steps of: 

forming a spin solution of said polyethylene and polypropylene polymers in 
a solvent, said solvent having an atmospheric boiling point between 0° C and 100° C, and 
being comprised of at least 50% of solvents selected from the group consisting of 
hydrocarbons, chlorinated hydrocarbons, hydrochlorofluorocarbons and alcohols; and 
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spinning said spin solution at a pressure that is greater than the autogenous 
pressure of the spin solution into a region of substantially lower pressure and at a 
temperature at least 50° C higher than the atmospheric boiling point of the solvent. 

8. The process of claim 7 wherein the polymer is comprised of at least 40% 
by weight polypropylene. 

9. The process of claim 8 wherein the solvent is comprised of at least 80% 
by weight hydrocarbon solvent with a boiling point less than 50° C. 

1 0. The process of claim 8 wherein the solvent comprises a blend of solvents 
in which at least 30% by weight of the sol vent blend is selected from the group of 
methylene chloride, dichloroethylene and cyclopentane. 



9725461 A 1 J _> 



15 



WO 97/25461 



PCT/US97/00161 



1/3 




(6jsd) d 

SUBSTITUTE SHEET (RULE 26) 



WO 97/25461 



PCT/US97/00161 



2/3 




i i i i j i i I i | i I i \ | i i i i | » i i i [ i i i i | i i i i | 



i i i t I i i i 



I 1 1 1 1 I 



o 

CM 



O 

ro 
oj 



O 

CvJ 



o 



o 
o 

OJ 



CD " 



o 



OJ 



o 



L o 



o 
l— to 



o o 
o o 
o to 



o o o 

o o o 

o m o 

ro ro 



o o 

o o 

m o 

OJ OJ 



o o 
o o 
m o 



o 
o 
m 



(Bjsd) d 



JSDOCID: <WO 9725461A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



WO 97/25461 



PCT/US97/00161 



3/3 




o 




o 


o 


o 


O 


o 


o 


o 


o 


8 


o 


o 


o 


o 


o 


o 


o 


o 


ir> 


o 


m 


o 


m 


o 


m 


o 


to 






ro 


ro 


CO 


CM 







(6isd) d 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



u, .niemaional — g£2 2 » * ^£2S2 - »S 

B. FIELDS SEARCHED 



B. FIELDS SEA RCHED _^ flowed bv classification symbols) 

— ■ r— __. rched (classification system followed rjy ciassmw. 

Minimum documentabon searcneo *ua»» 

IPC 6 D01D D01F 



Interna* u Application No 

PCT/uS 97/00161 



— - m ^ exten t that such document s are included in the fields searched 

-Documents searched other than minimum documeniabon to the extent tha 



Electronic data base 



"consulted during the international search (name 



of data base and, where pracOcal, search terms used) 



1 C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



q^on of document, «.* indiOon. where appropriate, of *c « p^sages 

US 3 227 784 A (BLADES H ET AL) 4 January 
I 966 

cited in the application 
see example XIII 

CHEMICAL ABSTRACTS, vol. 121, no. 26, 
26 December 1994 
Columbus, Ohio, US; 

S with high tensile strength and 
modulus" 

page 123; column 1; 
XP002030811 

|Vof ^Gll A (UNITIKA LTD) 



Relevant to claim No. 

1-10 
1-10 



jryj Furth <r document* are listed in tt»e confnurton of box C. 

• Specisl categories of cited documents : 

-A' document defining the general state of*, an which is not 
considered to be of particular relevance 
| -E- earlier document but published on or after the international 
filing date . 
' L " th^a^^^^Mof^ 

^-^rs^aaf re-oncS specified) 
-O- document referring to an oral disdosure. use, exh.tat.on or 

•P- d^eT^med pnor tottK ^ernauon*! Cling da* but 
Uter than the priority date claimed 



Patent family members are 



Sff? 5n£mrt«>d the principle or theory underlying the 
inve ntio n 



involve an inventive step 



the document is taken alone 



y document of particular relevance; the j™*^ ^ 

1 ^coSc^to^ 



document is combined with one or i._ , ,,_ H 

n^~ch combination being obvious to a person skilled 

in the art. 

document member of the same patent family 



13 May 1997 



Name and mailing address of the ISA 

Name and ma. ng^ office, P.B. 5818 Patentlaan 2 

NL - 2280 HV Rijswijk 
Tel ( + 31-70) 340-2040, Tx. 31 651 epo nl. 
Fax ( + 31-70) 340-3016 



Form PCT/lSA/aiO (« 



mi) U«»y 



Date of mailing of the international search report 

23. 05. 97 

Authorized officer 

Tarrida Torrell , 2 
page 1 of 2 



NSDOCID- <WO 9725461 A 1J_> 



INTERNATIONAL SEARCH REPORT 



Interna*' al Application No 

PCT,uS 97/00161 



(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



atejory * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 645 480 A (UNITIKA LTD) 29 March 1995 
cited in the application 
see the whole document 

US 4 127 623 A (MATSUSHIMA SHUNSUKE ET AL) 

28 November 1978 

see the whole document 



1-10 



1-10 



Form PCT/ISA/2I0 (coatiatutioA of seccmd thaeQ (July 1992) 

BEST AVAILABLE COPY page 2 of 2 



US 3227784 A 



04-01-66 



GB 
US 
US 



989521 
3227664 
3384531 



A 
A 
A 



04-01-66 
21-05-68 





29-03-95 






US 4127623 A 


28-11-78 


BE 832034 A 
DE 2533901 A 
FR 2280723 A 
GB 1511034 A 


01-12-75 
19-02-76 
27-02-76 
17-05-78 



W'S PAGE BLANK 



WSPTO) 



